Arango et al. expand the repertoire of epitranscriptomic modifications by identifying N 4 -acetylcytidine in mRNA catalyzed by the known dual acetyltransferase NAT10. It occurs mainly in the coding sequence, likely in wobble positions of select codons, where it promotes stability and translation, possibly by safeguarding cognate codon-anticodon interaction.
The full alphabet of the epitranscriptome does not lend itself to easy discovery yet is still steadily unraveling. As such, the rumors about its shrinkage appear to have been considerably exaggerated. The study by Arango et al. (2018) in this issue of Cell is the latest in a series of studies that dissolve these rumors. Over 140 modifications decorate highly abundant RNA species such as rRNA and tRNA across archaea, bacteria, and eukarya. Since thousands of N 6 -methyladenosine (m 6 A) sites in eukaryotic mRNA and long noncoding RNA (lncRNA) were mapped in 2012 (Dominissini et al., 2012) , ever more modifications have been identified and characterized to varying extents in these low-abundance RNA molecules, collectively termed the epitranscriptome. Modifications embed transcripts with information additional to that carried in their sequence of bases and regulate processing events as diverse as splicing, transport, translation, and turnover (Roundtree et al., 2017) .
To (Tardu et al., 2018) . The new field of epitranscriptomics is experiencing growing pains, a natural result of the demanding experimental and bioinformatic need to identify a relatively weak signal in rare molecules that is more often than not invisible to reverse transcription. For example, m 6 A exists in mRNA at a frequency of approximately 1-2 per 1,000 nucleotides and to this day can only be mapped with the aid of an antibody (Dominissini et al., 2012) , while most other modifications are even rarer.
Every newly mapped modification raises the possibility of a novel mode of post-transcriptional regulation. Initially described at the wobble position of the anticodon of elongator tRNA met in E. coli where it prevents misreading of the isoleucine codon (Stern and Schulman, 1978) , ac 4 C was later identified in eukaryotic serine and leucine tRNAs as well as in 18S rRNA, where its exact functions are still not known (Ito et al., 2014; Sharma et al., 2015) . Using antibody-mediated enrichment followed by next-generation sequencing, Arango et al. convincingly identify over 4,000 regions (peaks) across all mRNAs enriched for ac 4 C, with most transcripts harboring only 1-2 peaks. They also use mass spectrometry to orthogonally ascertain existence of ac 4 C in polyA-enriched RNA. ac 4 C peaks are enriched in the 5 0 UTR and in the coding sequence, where the majority of peaks occurred, and depleted in the 3 0 UTR. The region surrounding the translation start site seems to be especially enriched with ac 4 C peaks. The study could have benefited from quantitative and single-nucleotide resolution mapping using a chemical approach that was recently described by some of the authors (Thomas et al., 2018) .
Two lines of evidence led the authors to identify N-acetyltransferase 10 (NAT10), a predominantly nucleolar protein, as the responsible acetylase: all documented ac 4 C events are catalyzed by this enzyme or its homologs (Sharma et al., 2015) , and A readers of the YTH-domain containing family that exposed the molecular underpinning of this modification, having the ac 4 C writer in hand now enables its in-depth study.
Mechanistic investigation is especially challenging in such cases that mRNA modifications co-opt a well-known rRNAor tRNA-modifying machinery. On this account, some people even dismiss such mRNA modifications as nonfunctional noise. Arango et al. were well aware of such caveats when interpreting the effects of NAT10 knockout and used complementary approaches and proper controls, both in vitro and in vivo, which allowed them to ascribe phenotypes directly to mRNA acetylation with high likelihood. They find that ac 4 C promotes mRNA expression through increased stability and translation. Codon composition within ac 4 C peaks reveals a very significant enrichment of cytidines at wobble positions, mirroring the initial finding of ac 4 C in the wobble position of tRNA met where it safeguards cognate codon-anticodon RNA duplexes, and suggests a direct role for ac 4 C during decoding. In line with this hypothesis is that the most enriched wobble cytidine codons that occur within peaks are those that would maximally benefit from ac 4 C-mediated stabilization of base pairing. In one of the first demonstrations of such use in epitranscriptomic studies, the authors then use a carefully crafted model transcript to prove that acetylated wobble positions directly promote translation in vivo and in vitro. Nonetheless, single-nucleotide resolution data is still necessary to confirm this hypothesis. Whether enhanced decoding efficiency is a result of decoding rate or fidelity remains to be seen. Regulation of local elongation rate by 1-2 acetylated codons within a single transcript could, in turn, modulate co-translational protein folding and recognition by chaperones. The question of coupling between translation regulation and transcript stability in this case is an open one and is expected to illuminate the mechanism underlying ac 4 Cmediated stabilization.
The effects of RNA modifications on gene expression depend on their cellular decoding. Modifications can add charge, modulate polymer flexibility and alter base pairing, and can also form recognition elements that adjust protein-RNA interaction ( Figure 1A) . We like to think of modifications as the punctuation marks of the transcriptome that imbue it with additional meanings but that, for the most part, do not change the underlying code. This is not to say that modifications are invisible to ribosomes. On the contrary, growing evidence suggests that modifications positively or negatively regulate every step of the translation process, including the dynamics at different stages of elongation ( Figure 1B) (Choi et al., 2016) . The current study brings modulation of RNA-RNA interaction to center stage of epitranscriptomics in general and of translation elongation in particular. That being said, the search for protein readers of ac 4 C should not be abandoned. Likewise, the lability of ac 4 C warrants a search for deacetylases.
Dynamic tRNA modifications are known to regulate translation elongation during stress response (Endres et al., 2015) . Stress-induced increase in several anticodon wobble modifications is required for optimal translation of transcripts that are enriched with compatible degenerate codons and that participate in mounting the stress response. The level of ac 4 C in mRNA increases dramatically during oxidative stress in yeast, raising the possibility that the human ac 4 C epitranscriptome is similarly reprogrammed during stress to bolster translation.
Finally, considering that NAT10 was implicated in several cancers and suggested to be a therapeutic target for accelerated aging laminopathic disorders, we suggest that the relevant targets and molecular mechanisms are reconsidered in light of the new findings.
